Low-cost 1.3–1.55 μm lasers  by unknown
Optoelectronics 
Low-cost 1.3-1.55 pm lasers 
I Mark Telford rounds up recent rapid progress in the development of long-wavelength 1.3 and 1.55 IJm InP- 
and GaAs-based telecoms lasers, including VCSELs as an alternative to edge-emitting lasers. 
eCent months have seen 
any technical and commer- 
ial developments in the 
field of Vertical-Cavity Surface 
Emitting Lasers. Interest in VCSELs 
has been particularly heightened 
by the boom in optical communi- 
cations.There is increased emand 
for cheaper lasers for fibre-optic 
transmission in emerging high-da- 
ta-rate Gigabit Ethernet/fibre-chan- 
nel modules for Local Area 
Network/Wide Area Network sys- 
tems, fibre-to-the-home networks, 
low-cost Wavelength Division 
Multiplexing systems and other 
SONET/SDH applications. 
Existing long-haul fibre links use 
1.3 and 1.55 ~m wavelengths (the 
transmission windows of silica- 
based fibres) and hence established 
indium phosphide-based ge-emit- 
ting lasers (i.e. InGaAsP-on-InP - see 
Figure 2). However, edge-emitting 
lasers are significantly larger than 
VCSELs (typically 200 pm long). In 
contrast, because a VCSEL's reso- 
nant cavity is oriented vertically be- 
tween mirror interfaces planar to 
the wafer, it can be as small as 3 ~tm 
(Figure 1). This allows many more 
lasers to be fabricated per wafer, 
lowering the cost substantially. 
So far, commercial VCSELs have 
been short wavelength, emitting at 
850 nm.These have enabled a cost- 
effective transition to Gigabit 
Ethernet and Fibre Channel, which 
require transmission distances of a 
few hundred metres over multi- 
mode fibre at data rates greater 
than a gigabit per second (for 
which LEDs cannot meet speed 
requirements). 
However, 850 nmVCSELs are op- 
timally matched with neither stan- 
dard multi-mode fibre (presenting 
significant distance limitations at 
high speeds) nor single-mode fibres 
(which allow long-distance transmis- 
sion and perform best with sources 
emitting at 1.3 vtm). In contrast, long- 
wavelength 1.3 VuIIVCSELs offer im- 
proved bandwidth and distance in 
multi-mode fibre and are well suited 
for single-mode fibre applications, 
while 1.55 ~tm VCSELs would pro- 
vide sources forWDM applications. 
There is therefore much interest 
in developing InP-based 1.3-1.55 
VCSELs to take advantage of the 
low loss and low dispersion of silica 
fibre at these wavelength. 
Recently Nova Crystals launched 
what it claims were the first com- 
mercial electrically pumped 1.3 pm 
VCSELs (operating at 1 mW CW and 
data rates up to 2.5 Gbps).This has 
allowed Gigabit Ethernet LAN trans- 









Figure 1. The structure of a typical Vertical Cavity Surface Emitting Laser. 
need for repeaters and amplifiers 
(see III-Vs Review, Issue 5, page 24). 
Nova's VCSEL has standard 
SONET/SDH transmitter modules 
(which currently use Fabry-Perot 
edge-emitting lasers) but gives a sin- 
gle-mode, symmetrical beam with a 
divergence of only 18 ° FWHM, 
Nova claims it allows efficient fibre 
coupling with optics that are less 
expensive than those used with 
highly divergent elliptically shaped 
beams from edge emitters. 
However, one problem of mak- 
ing InP-based VCSELs has been the 
difficulty in fabricating the required 
planar mirrors. The short cavities of 
VCSELs require higher-reflectivity 
(>99%) Distributed Bragg Reflector 
mirrors (rather than the 30%-reflec- 
tive Fabry-Perot mirrors of long-cav- 
ity edge-emitting lasers). These are 
easy to obtain with AIGaAs, but diffi- 
cult to obtain on InP 
Previously, these have been 
made on a separate wafer which is 
then bonded to the activeqayer 
wafer (as in W L. Gore's optically 
pumped 1.3 tana VCSEL). But now 
the University of California at Santa 
Barbara has developed a 1.55 larn 
InP-based VCSEL which can be fab- 
ricated in a single step on the same 
wafer by MBE growth of the active 
layer with antimony-containing mir- 
ror layers (see News, page 12). 
Long-wavelength 
VCSELs on GaAs 
However, apart from easing fabrica- 
tion, development of 1.3-1.55 larn 
lasers based on not InP but larger 
and less expensive GaAs wafers 
should lead to cheaper VCSELs for 
fibre-optic ommunicatons beyond 
the current 850 nm wavelength lim- 
itation of GaAs. 
Also, for 1.3-1.55 larn telecoms 
lasers, existing InGaAsP/InP lasers 
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have limited thermal stability, since 
the small conduction band offset 
between the active and the confine- 
ment layers gives weak electron 
confinement. Effort is therefore be- 
ing made to improve temperature 
stability of both InP- and GaAs- 
based lasers. 
Temperature stability 
for 1.3 pm lasers 
At the Indium Phosphide and 
Related Materials conference in 
Williamsburg in May, T Tsuchiya, 
D Takemoto,T Sudou and M Aoki of 
Hitachi's Central Research Lab re- 
ported the use of an InGaAlAs mul- 
ti-quantum-well active layer (with 
InAIAs buffers) for 1.3 pin InP- 
based ridge-stripe lasers (rather 
than InGaAsP Multi-Quantum Wells 
with InP buffers). 
Threshold current was 13 mA at 
85°C compared to 25 mA. 
Temperature stability (under maxi- 
mum CW operation at up to 165°C) 
showed a characteristic tempera- 
ture ofT 0 = 91 K compared to 68 K. 
This was through suppression of 
the carrier overflow from the QW 
at high temperatures due to the 
large conduction band offset. 
For Low-Pressure MOCVD 
growth below 660°C, photolu- 
minescence intensity decreased 
compared to InCraAsP, but at 700°C 
residual carrier concentration 
(mainly due to oxygen) was the 
same. By increasing the growth tem- 
perature or V/IH ratio, the oxygen 
level was decreased and PL intensi- 
ty and FWHM improved. No devices 
failed after 3600 hours of aging. 
InGaAsN: 
nitride vs phosphide 
Adding a small proportion of nitro- 
gen to InGaAs rather than phospho- 
rous gives the "low-bandgap" 
nitrides InGaAsN (compared to the 
"wide-bandgap" nitrides AIInGaN). 
unite InGaA P/I , al.xASl_Yy 
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Graph showing 
the large bowing 
of bandgap ener- 







on GaAs wafers. 
duction band off-set with either 
AlGaAs or InGaP cladding layers, 
giving superior high-temperature 
operation (T o values of 204 K and 
148 K have been reported at 1.28 
and 1.3/am, respectively). 
The differences in atomic sizes 
and electronegativities of N and As 
cause a very large bandgap energy 
bowing coefficient (b = 16 eV) be- 
tween the HI-As and the III-N bina- 
ries (see Figure 2). This enables a 
wide range of tunable bandgap en- 
ergies smaller than that for GaAs 
(while maintaining lattice match to 
GaAs for x about 2.8y) and hence a 
large wavelength variation allows 
both 1.3 and 1.55 ~tm emission. 
The first InGaAsN edge-emitting 
lasers were fabricated in 1998 by 
M Kondow et al (IEEE Photonics 
Technol. Lett. 1998, 10, pp487-9). 
However, at IPRM, M Reinhardt et al 
of the University of W/Jrzburg, 
Germany reported the first 1.3 jam 
longitudinal Distributed Feed-Back 
lasers based on GaAs (Solid-Source- 
MBE-grown InGaAsN double quan- 
turn wells with AlC_mAs mirrors), 
yielding threshold current densities 
below 1 kA/cm 2 (780 A/cm2). 
InGaAsN 1.3 ~trn VCSELs can be 
grown monolithically on GaAs us- 
ing the same fabrication techniques 
for short-wavelength GaAs VCSELs. 
A GaAs-based VCSEL has been 
demonstrated at 1.18 ~n by 
Kondow et al. Meanwhile, John 
Klein et al at Sandia National 
Laboratories (Albuquerque, NM, 
USA) - in collaboration with Cielo 
Communications Inc (Broornfield, 
CO, USA) - have claimed develop- 
ment of the first electrically 
pumped 1.3 pm VCSEL on GaAs 
(giving 60 ~W of output power - 
see II1-Vs Review, Issue 4, page 18). 
CW operation was observed at up 
to 55°C, with threshold currents be- 
tween 1.5-10 mA, depending on the 
aperture of the VCSEL. 
Unfortunately, InGaAsN suffers 
from low carrier mobility and 
short minority carrier lifetime due 
to alloy scattering and degradation 
of material quality with N incorpo- 
ration. At IPRM, Y G Hong et al of 
the University of California (San 
Diego) reported on the minimisa- 
tion of alloy scattering using 
strain-compensated short-period 
superlattices of In0.08GaAs (under 
compression)/ GaAsN0.03 (under 
tension) grown by Gas-Source MBE 
at 420°C lattice matched to GaAs. 
For such a "digital" alloy (com- 
pared to a random alloy) room- 
temperature Hall electron mobility 
was improved by a factor of almost 
two and PL intensity by a factor of 
three, after rapid thermal annealing 
in N 2 at an optimal temperature of
700°C for 10 s (above 850°C, inter- 
diffusion of In and N formed 
InGaAsN alloy at the superlattice 
interface). 
Also at the IPRM conference, 
Infineon Technologies' S IUek et al 
reported a comparison of growth of 
1.3 ~trn InGaAsN by: 
• MOCVD (using unsymmetrical 
dimethyl-hydrazine, DMHy, as nitro- 
gen precursor); and 
• Solid-Source MBE (using an RF 
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plasma source for the generation 
of atomic nitrogen from N2). 
Compared to MOCVD, where ni- 
trogen and iridium incorporation is 
interdependent due to gas-phase re- 
actions of the precursors, MBE 
growth below 520°C yields incor- 
poration of nitrogen with a stick- 
ing coefficient of 1, independent of 
indium content, enabling easier 
optimisation. 
For both MOCVD and MBE, the 
incorporation of 34% of nitrogen 
was found to be easy at low temper- 
ature. However, the level of nitrogen 
necessary for a shift to longer-wave- 
length emission degrades the opti- 
cal quality of the material. So, for 
high-performance MQWs, the best 
strategy is the highest indium con- 
tent possible and the lowest nitro- 
gen content necessary for the 
required wavelength (e.g. 38% In, 
1.5-2.0% N). 
However, a key to further im- 
provement is the insertion of the 
InGaAsN QWs into lattice-matched 
quaternary barriers, which will re- 
duce the nitrogen content neces- 
sary for 1.3 pm emission. 
Also, InGaInN/GaAs MQWs are 
susceptible to thermal annealing, so 
suitable conditions were establish- 
ed (e.g. 10 minutes at 650-700°C). 
For InGaAsN lasers, Infineon 
claims the first demonstration of 
high-temperature CW operation at 
1.3 nrn (achieved with a 700 l_tm 
long as-cleaved Double Quantum 
Well ridge-waveguide laser, with 
To=1 1OK) as well as the lowest 
threshold current (500 A/cm2, for 
an 800 nrn long 6.8 run wide SQW 
with GaAsN/GaAs barriers emitting 
at 1.285 nn$. 
However, I&neon adds that, for 
VCSELs, only MOCVD (not MBE) 
has been used before, so effort is 
needed to improve MOCVD materi- 
al quality to match MBE. 
Also,Alexandru Mereuta et al of 
oPTo+, Groupement dImeret 
Economique (Marcoussis, France) 
reported the growth of 
In(&arJ.&$N1JGaAs (y=o-3%) 
highly strained 7.5-9 nm thick QWs 
by MOCVD at 530°C. Maximum ni- 
trogen incorporation was about 3% 
using DMHy gas-phase composition 
in excess of 0.98. Growth rate was 
reduced by lO-20% for DMHy in ex- 
cess of 0.9 compared to InGaAs. 
Considerations are: 
l Decreased nitrogen incorpora- 
tion in the presence of iridium. 
l Increasing the incorporation of N 
from 0.5% to 2.9% decreased PL in- 
tensity by a factor of 20 and in- 
creases linewidth (FWHM) from 50 
to 70 meV However, annealing at 
650°C for 20 minutes increased PL 
intensity ten-fold but blue-shifted 
the peak wavelength 20-50 nm. 
Broad-area lasers with 50 pm 
stripes and 0.4% and 0.5% N gave 
pulsed emission at 1.22 and 1.24 l.tm 
respectively, with threshold current 
densities of 1.22 and 2.3 kA_/cm* 
(10 times higher than a comparable 
InGaAs QW laser).This was possibly 
due to the large miscibility gap and 
incorporation of carbon and hydro- 
gen during growth). For 0.4% N, 
T, was 117 K (at 2080°C) com- 
pared to 80 K for InGaAs. 
Beyond 1.3 pm: 
GaAsSbN/CaAs 
Since it is difficult to obtain lasing 
with InGaAsN beyond 1.3 nn-~, an al- 
ternative GaAs-based material is an- 
timony-containing GaAsSbN, since 
the energy band offset con&ura- 
tion with GaAs is more favourable 
for long-wavelength emission. 
At IPRM Giovanni Ungaro et al 
of France Telecom R&D (Bagneux, 
France) reported a comparison of 
InGaAsN and GaAsSbN (with nitro- 
gen concentration from O-5%) 
grown by MBE at 450°C. They 
found that nitrogen incorporation 
increases with Sb content (where- 
as in InGaAsN, for MBE nitrogen in- 
corporation is constant for varying 
iridium content, unlike MOCVD). 
As with InGaAsN, increasing N 
content in GaAsSbN decreased PL 
intensity By annealing at 800°C PL 
intensity was increased 40-fold for 
InGaSb,,,,N,., (but blue-shifted by 
110 meV). 
Electroluminescence at 1.3 l_m 
was achieved m GaAsSbN,._,s, but 
not lasing (whereas lasing has been 
achieved elsewhere for 1% N). 
Optical quality is insufficient for 
N > 2%, so the aim is to realise a 
laser with N=l%. 
Temperature stability 
on InP: TllnGaAs 
An alternative for low-temperature- 
dependency lasing on InP wafers is 
thallium-containing TlInGaAs, which 
spans bandgaps from 0.75-0.1 eV 
for wavelengths of 1.65-10 urn (and, 
with the addition of a frfh element 
AlorP1.3-1.5 l.tm). 
Also, since it is an alloy of a semi- 
conductor (InGaAs) and a semi-met- 
al (IlAs), at some compositions 
TlInGaAs is expected to show a 
temperature-independent bandgap 
(as with CdHg,,sTe), which is im- 
portant for Wavelength Division 
Multiplexing. 
H Asahi et al of the Institute of 
Scientific and Industrial Research at 
Osaka University reported Single 
Heterostructures and Double 
Heterostructures grown by GS-MBE. 
Increasing the indium content 
enhanced Tl incorporation (up to 
13% from the previous best of 7%) 
though lowering PL peak energy PL 
intensity for a DH was 10 times that 
for an SH due to the reduction of 
non-radiative surface recombination 
at the TlInGaAs surface by the 
growth of the InP cap layer. 
Temperature variation decreases 
with increasing Tl content (13%Tl 
gives 0.03 meV/K, i.e. 0.04 rim/K 
compared to 0.1 rim/K for 
InGaAsP/InP). 
However, while there are also 
one or two other research groups 
worldwide working on thallium- 
containing compounds, a major 
barrier to their adoption is the ex- 
treme toxicity and limited use of 
thallium, so it seems that - for the 
time being - lasers with high ther- 
mal stability will be restricted to 
wavelengths allowable with GaAs- 
based materials. 
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